OBJECTIVES: To examine the associations of low back pain symptoms with waist circumference, height, waist to hip ratio and body mass index, and to test the interactions between (1) waist circumference and height, and (2) waist to hip ratio and body mass index. SETTING: Cross-sectional study set in The Netherlands of a random sample of 5887 men and 7018 women aged 20± 60 y. RESULTS: The prevalences of low back pain in men and women in the past 12 months were 46% and 52%, of whom 17% and 21% had low back pain for a total of 12 or more weeks, and 13% and 18% had symptoms suggestive of intervertebral disc herniation. After adjustments for age, smoking and education, more women in the highest tertile of waist circumference reported low back pain in the past 12 months (odds ratio 1.2, 95% con®dence interval: 1.1±1.4), low back pain for a total of 12 or more weeks (odds ratio 1.5, 95% con®dence interval: 1.3±1.8), and intervertebral disc herniation symptoms (odds ratio 1.3, 95% con®dence interval: 1.1±1.6) than women in the lowest waist tertile. Corresponding values of low back pain symptoms for women with high body mass index or high waist to hip ratio were similar to those with high waist. There were no signi®cant differences between men in different tertiles of waist, waist to hip ratio or body mass index reporting low back pain symptoms. Tallest subjects did not report low back pain symptoms more often than shortest subjects. There were no signi®cant interactions between waist and height or between waist to hip ratio and body mass index on low back pain symptoms. CONCLUSIONS: Women who are overweight or with a large waist have a signi®cantly increased likelihood of low back pain. There are no signi®cant interactions between waist and height, or waist to hip ratio and body mass index on low back pain symptoms.
Introduction
Low back pain is one of the commonest symptoms in Western societies, responsible for an enormous burden of chronic disease, and is associated with high medical health care and social costs. 1 Overweight, indicated by high body mass index is associated with poor subjective ill health and poor musculoskeletal functioning. 2 Overweight persons more frequently seek medical care for back/joint/ muscle complaints. 3 It is generally assumed that overweight and low back pain are related. 4 However, scienti®c evidence to support this relationship is scanty 5 and some is conicting. 6±8 Associations between body fat distribution and low back pain are not well documented, although it may be postulated that subjects who carry excessive abdominal fat mass over a long period may be at risk of low back pain, as a result of altered posture to counterbalance the protruding fat mass. Prolapsed intervertebral disc is commonly believed to be more frequent in taller people. 9 Height may relate independently to low back pain from large abdominal fat mass, and may aggravate back pain associated with stooping especially in those with large waist or large abdominal fat mass. These persons may require more reactive forces to counteract the gravitational pull on this fat mass to achieve balance, especially when bending forward for lifting or when walking down stairs, as a result, more strain may be exerted on their lower back. The same hypothesis could be proposed for those with central fat distribution, indicated by high waist to hip ratio, who may be at increased risk of low back pain independently from total fatness, measured by body mass index.
The present study examined the associations of low back pain symptoms with waist circumference, height, waist to hip ratio and body mass index, and was designed to test the interactions between (1) waist circumference and height, and (2) waist circumference to hip ratio and body mass index on low back symptoms.
Methods

Subjects
In the present study, the 1993±1995 cohorts were available from the ongoing MORGEN (Monitoring of Risk Factors and Health in The Netherlands) project, which is undertaken as a public health surveillance to monitor chronic diseases, risk factors and their consequences. Subjects were randomly recruited from three towns, Amsterdam, Maastricht and Doetinchem. To obtain similar numbers of subjects at each age, the sample was strati®ed by sex and ®ve year age group. The numbers of 5887 men and 7018 women aged 20±60 y in the present study represent those who attended the health centres for measurements including anthropometry. Those who did not attend the health centres or were of non-Dutch nationality were excluded from analyses.
Measurements
Symptoms of low back pain were obtained from questionnaire. Those who responded af®rmatively to having low back pain in the past 12 months, were then asked whether they had radiating pain to the knees or feet, to indicate symptoms of intervertebral disc herniation. This symptom was only accepted in the presence of low back pain, to avoid including those with other causes of radiated pain. The subjects were asked about the total duration of low back pain in the past 12 months. Those who had low back pain for a total of twelve weeks or more were classi®ed as having chronic low back pain. The reference groups for the three classes of low back pain were composed of those who did not ful®ll the criteria for the symptom under analysis, thus the reference group when analysing one symptom included some subjects with other symptom(s) of low back pain.
All anthropometric measurements were made according to the World Health Organisation recommendations 10 by trained ®eld scientists. Subjects wore light clothes during measurements of body weight to the nearest 100 g using calibrated scales, height in bare feet to the nearest mm, waist circumference in duplicate at the level between the lowest rib margin and iliac crest, and hip circumference at the widest trochanters to the nearest mm. Waist to hip circumferential ratio was computed, and body mass index was calculated as weight (kg) divided by height squared (m 2 ). Males and females were analysed separately. Confounding factors were divided into classes for analysis. Age: 10 y groups (20±29 y group as reference), smoking: non-smokers, ex-smokers and current smokers (non-smokers as reference), educational levels: secondary education or lower, vocational or higher secondary education, and higher vocational or university education (higher vocational or university education as reference).
Statistical analysis
The prevalence of low back pain symptoms, using cross tabulation, were computed in quintiles of waist circumference, height, body mass index, and waist to hip ratio, and plotted to examine the type of curve for the relationships between low back pain symptoms and adiposity indices.
Statistical analyses were performed using SAS version 6.1 (Cary, USA). All cut-off points were decided before analysis. Tertiles of anthropometric variables in the present sample were identi®ed at 86.9, 95.9 cm in men and 75.0, 84.0 cm in women for waist circumference; and 175.0, 181.5 cm in men and 162.5, 168.5 cm in women for height; 0.872, 0.936 in men and 0.756, 0.815 in women for waist to hip ratio; 24.1, 26.9 kg/m 2 in men and 22.8, 25.9 kg/m 2 in women for body mass index.
Logistic regression analysis was also performed to estimate the relative risks (odds ratios and 95% con®dence intervals) of low back pain symptoms in different categories of anthropometry. Crude, age adjusted, and age, smoking status and educational level adjusted odds ratios were calculated.
The adjusted prevalence of low back pain symptoms in the combination of tertiles of waist and height, and the combination of tertiles of waist to hip ratio and body mass index were calculated using analysis of variance, adding age, smoking and education as covariates. Logistic regression analysis was used to estimate the maximum likelihood of the models to examine the interaction between waist circumference and height, and waist to hip ratio and body mass index. Calculations were made for the difference of log likelihood (w 2 ) obtained in the model predicted by dummy variables of waist tertiles (two variables) and height tertiles (two variables) subtracted from w 2 obtained in the same model with an addition of four dummy variables from combinations of waist tertile 2 and height tertile 2, waist tertile 2 and height tertile 3, waist tertile 3 and height tertile 2, and waist tertile 3 and height tertile 3, with reference to the group of lowest waist tertile combined with lowest height tertile. This analysis was repeated for waist to hip ratio and body mass index in the relationship with low back pain symptoms. Interaction between variables was considered if the resultant w 2 value exceeded the 5% signi®cance level (4 degrees of freedom).
Results
Subject characteristics are shown in Table 1. Tables  2a and b and Figures 1a and b (only chronic low back pain was selected for illustration) show that the prevalence of chronic low back pain and intervertebral disc herniation increased with increasing waist, waist to hip ratio, and body mass index in both men and women, with women having more complaints of low Low back pain and obesity TS Han et al back pain symptoms than men. About half of the population studied reported having experienced low back pain in the past 12 months, 20% reporting symptoms which lasted a total of twelve weeks or more, and 15% had symptoms of intervertebral disc herniation. The pattern between low back pain and height was weak in women but more consistent in men, with shortest men (tertile 1) showing the greatest frequency of low back pain symptoms. Examination of plots did not reveal any tendency to low back pain in the very tall. The relative risks (odds ratios) of low back pain symptoms in those with anthropometric measurements in the upper two tertiles were compared to those in the lowest tertile (Tables 3a and b) . Without adjustments, more subjects with large waist circumference, high waist to hip ratio and high body mass index reported symptoms of low back pain, with the exception of low back pain in the past 12 months in men. The relationships were weaker after adjustments for age, smoking and education, but more women with large waist circumference continued to report symptoms of low back pain than those with smallest waist circumference. Relative risks from being overweight, assessed by body mass index, were slightly lower than from those having large waist circumference for each symptom of low back pain. In women, high waist to hip ratio was signi®cantly associated only with chronic low back pain. There was no evidence of taller subjects being more at risk of low back pain than shorter subjects.
The age, smoking and education adjusted prevalence of low back pain symptoms (only chronic low back pain was selected for illustration) in different combinations of tertiles of waist and height ( Figures  2a and b) , and body mass index and waist to hip ratio (Figures 3a and b) were plotted. Analysis of maximum likelihood (adjusted for age, smoking and education) showed that waist circumference and height did not interact on any symptom of low back pain (w 2 range 1.6±4.6, P b 0.5) either in men or in women. The interaction between high waist to hip ratio and high body mass index on symptoms of intervertebral disc herniation did not reach the 5% signi®cance level in either men (w 2 6.8, P`0.02) or women (w 2 8.5, P`0.1). In men, little evidence for an interaction between waist to hip ratio and body mass index on chronic low back pain was observed (Figure 3a ), but there was some suggestion for this effect in women (w 2 8.0, P`0.1) (Figure 3b ). There was no evidence for an interaction between waist and height or waist to hip ratio and body mass index on low back pain in the past 12 months in either sex. Thus, the present study did not ®nd that strati®cation by height or body mass index was necessary when assessing the associations Low back pain and obesity TS Han et al between low back pain and waist circumference, and waist to hip ratio respectively.
Discussion
As well as investigating the associations between low back pain and body mass, the present study examined its relationships with body fat distribution. Chronic low back pain (lasting a total of twelve weeks or more in the past 12 months), and symptoms of intervertebral disc herniation (low back pain during the past 12 months with radiating pain to the knees or feet) were more prevalent in those with increased abdominal fatness, indicated by large waist circumference, and in overweight subjects (high body mass index). After adjusting for confounding factors (aging, smoking and low educational level), no signi®cant relationship remained between low back pain and any of the indices of adiposity in men. The relationships were stronger in women, and remained signi®cant for waist circumference and body mass index. There was little evidence for any interactions between waist circumference and height, or body mass index and waist to hip ratio on symptoms of low back pain.
Using body mass index to indicate overweight may misclassify people with excessive muscularity rather than excessive fatness, 11 and does not take account of fat distribution. We have found that chronic low back pain (Figures 3a and b) or symptoms of intervertebral disc herniation (Figures not presented) were most common in those with high waist to hip ratio when they are overweight. A prolonged burden of excess weight may cause low back pain through increased load compression on the intervertebral discs, 12 or increased stress on the spine when bending to lift objects or stepping down stairs. Excess central fat might have speci®c mechanical effects including altered gait, which may affect the ef®ciency of shock absorbance by the bearing joints, leading to a Low back pain for a total of 12 weeks or more in the past 12 months. b Low back pain with radiating pain to the knees or feet. c Reference to tertile 1 (odds ratio 1.00) of each anthropometric variable. *** P`0.001; ** P`0.01; * P`0.05.
increased stress and strain on the spine. Biomechanical studies in subjects with large abdominal fat mass, indicated by large waist circumference, may help clarify the aetiology of low back pain. Crude odds ratios for chronic low back pain and symptoms of intervertebral disc herniation in different categories of indices of adiposity were all signi®cant. The present study de®ned the symptom of chronic low back pain as a total of twelve or more weeks of back pain in the past 12 months. This cut-off point was arbitrary. Alternative analyses using`low back pain lasting a total of seven weeks or more in the last 12 months', or employing as a reference group those who did not have any low back pain in the past twelve months were also performed. The results obtained showed no substantial differences to the results presented herein. After adjustments for age, smoking and education, only women with high body mass index and large waist remained signi®cantly at risk of low back pain. Age had the most powerful confounding effect (data not shown).
The analysis between indices of adiposity and low back pain is complicated by smoking, since smokers tend to have higher waist and smaller hips than expected compared to non-smokers. 13 In the present study, smokers were at signi®cantly increased risk of low back pain symptoms, independently from all the other factors considered (results not shown), con®rm-ing previous ®ndings. 8, 14 Data in the present study were not adjusted for occupation of physical activity because of their unknown causal relationships with low back pain. Education is probably a more valid adjustment than occupation in relation to low back pain, because occupations change.
Comparing the relative risks of low back pain in subjects of highest quintiles and lowest quintiles of anthropometry would increase the contrast (Figure 1 ), thus give higher odds ratios, but with wider 95% con®dence intervals due to smaller numbers in each category. The odds ratios for symptoms of low back pain only changed by less than 0.1 unit (results not shown) when subjects in extreme quintiles of anthropometric measurements were compared instead of tertiles. To test interactions between measurements, employing tertiles was more appropriate, since very few subjects had a combination of body mass index in the highest quintile and waist to hip ratio in the lowest quintile. Using unadjusted prevalence, there were more shorter subjects with low back pain. However older subjects are generally shorter than younger subjects, 15, 16 due to both losses in height associated with aging and secular trends towards taller populations. 16 After age and lifestyle adjustments, there was no association between height and low back pain. Other evidence on symptoms of low back pain and height is con¯icting. Helio Èvaara 9 found men above 180 cm and women above 179 cm had 2 and 4 times the risk of a herniated lumbar intervertebral disc compared to those who were 10 cm shorter. Other studies have found no association between height and low back pain. 17, 18 A study of men and women with low back pain has shown spinal mobility decreases with increasing body weight, whilst height had negligible effects. 19 
Conclusions
There are no signi®cant interactions between waist circumference and height or waist to hip ratio and body mass index in the relationships with symptoms of low back pain. Women who are overweight, or those with a predominant abdominal fat mass, indicated by large waist circumference, are at greatly increased risk of low back pain. Associations between anthropometric measures and low back pain are much weaker or non-signi®cant in men. Although the relative risks of low back pain symptoms related to overweight or large waist circumference were comparatively low in women, the high prevalence of these symptoms indicates a huge burden on the health care resources attributable to overweight, and the absolute impact of overweight on low back pain imposes an enormous claim on medical care facilities. Low back pain and obesity TS Han et al
